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Seed-Oil Suppression to Enhance Yield 
of Commercially Important Macromolecules 

[0001] This application claims the benefit of co-pending United States provisional 
application Serial No. 60/438,500, filed January 8, 2003. 

BACKGROUND 

1. Technical Field. 

[0002] This invention relates to methods for developing commercially acceptable 
cultivars and hybrids in cotton (e.g., Gossypium hirsutum L, G. barbadense L, G. 
arboreum and G. herbaceum) and other plants by suppression of the lipid biosynthetic 
pathway that impacts oil content, or oil storage mechanisms, resulting in enhanced yield 
of carbohydrate or protein products, for example fiber. More specifically, the invention 
relates to the identification, production and selection of plants that express or contain 
natural or modified seed-oil suppression genes, including alleles of genes, that affect 
seed-oil content. In some embodiments, the invention involves generating transgenic 
plants that contain within their genomes genetic systems that use cosuppression (or gene 
silencing), antisense, immunomodulation, ribozyme, transcription factor suppression or 
RNA interference (RNAi) strategies to suppress seed-oil biosynthesis pathways or storage 
mechanisms. The invention also provides a plant breeding method suitable for producing 
plants expressing a yield enhancing trait. 

2. Description of the Background Art. 

[0003] Yield enhancement of commercially valuable products using traditional plant 
breeding techniques has been a main objective of both early and modern plant breeding 
efforts; steady and substantial gains have been achieved. Transgenic technology 
provides new opportunities to accelerate the genetic yield gain beyond that possible using 
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these traditional methods by altering the metabolic machinery of the plant (see Dunwell, 
2000 and Richards, 2000 for recent reviews). Efforts to enhance crop yield with 
transgenic technology have included the following strategies: improved photosynthetic 
efficiency (Barry ef a/., 2002; Ishimura etal., 1998; Ku etal. } 1999; Miyagawa et al., 2001; 
Osteryoung, 1999; Xue ef al., 2002; Sonnewald ef a/., 2001), carbohydrate metabolism 
(Barry et al., 2001 ; Haigler et al., 2001 ; Tomes et a/., 2000; Quanz, 2000; Staub et al., 
2000; Kossmann et al., 1997; Barry et al., 1998; Van Assche et al., 1999; Shoseyov et a/., 
2001; Barry et al., 2002; Ellis et a/., 1998; Kerr, 1993; Regierer ef a/., 2002; Smeekens ef 
a/., 1999; Smeekens et a/., 2000; Sun ef a/., 2001; Smidansky ef a/., 2002a; Smidansky ef 
a/., 2002b; Sonnewald ef a/., 1996; Willmitzer ef a/., 2001; Willmitzer etal., 1999), 
hormone manipulation (Chory ef a/., 2001; Habben ef a/., 2000; Chory ef a/., 1998; Chory 
ef a/., 2000; Chory ef a/., 2002; Chory etal., 1997; Eriksson ef a/., 2001; Schmulling ef a/., 
2001), stress and disease tolerance (Broadway ef a/., 2001; Gaxiola, 2002; Zhang ef a/., 
2001), nitrogen metabolism (Lightfoot etal., 1999; Coruzzi etal., 2000; Coruzzi ef a/., 
1999; Kisaka, 2002, Smith, 2002), cell cycle regulation (Doerner etal., 2001; Roberts ef 
a/., 2000; De Veylder et a/., 2000; Doerner ef a/., 1998; De Veylder ef a/., 2002; Doerner 
ef a/., 2000; Inze ef a/., 2002; Miskolczi ef a/., 2001; Sun ef a/., 2001; Kim, 2002), signal 
transduction (Sheen ef a/., 2000; Zhong etal., 2000;), morphological manipulation 
(Martienssen etal., 2001; Jackson etal., 2001; Liljegren etal., 2002), and other strategies 
(Bailey etal., 1998; Bailey efa/., 1999; Donn, 1998; Khush, 1999; Neuhaus etal., 1999; 
Smith etal., 1999) 

[0004] Traditional methods of plant breeding also have yielded modest gains in 
increasing the oil and protein content of cotton seed, while decreasing the gossypol 
content (Bassett ef al., 1996). Transgenic technology has been used to modify seed 
constituents, focusing on lipid or protein profile and increasing the sugar, oil or protein 
content. Willmitzer ef al. (2000) have reported antisense suppression of starch and 
protein to augment sugar or protein content, while Lassner ef al. (2002a, 2002b, 2002c) 
have suggested suppression of the lipid triacy glycerol in corn and soybeans to produce 
novel lipids. Lipid modification in oil seed crops (e.g., canola, rapeseed, sunflower, 
soybean, safflower and cotton) has been an active area of research focused on increasing 
total lipid content and altering the lipid profile. See Chapman ef al., 2001: Liu ef al., 
2002a; Katavic etal., 1995; Ohlrogge etal., 1997; Taylor etal., 2001; Zou efa/., 1997; 
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Brown et a/., 2002. Of the oil seed crops, only in cotton is the seed-oil of relatively low 
economic value compared to another natural yield component (cellulose). 
[0005] Cotton has been selected and cultivated by man primarily for its fiber, since 
the seed contains gossypol that limits its whole-seed feed use to ruminant animals only 
(Brubacker et a/., 1999). Although the seed now is used in the production of oil, meal and 
dairy feed, its economic value to the modern farmer for these uses is low in comparison to 
the economic value of the fiber, which is used to produce yarn, fabric and textile 
garments. Despite the greater mass per acre of seed as compared to fiber, the even 
greater economic value per pound of fiber as compared to seed has encouraged plant 
breeders to select cotton primarily for increased fiber yield and fiber quality, and only 
secondarily for increased seed yield and seed quality. As a result of this intense selection 
for genetic improvements in fiber yield, the genetic contribution to fiber yield and lint 
percent (ratio of fiber to fiber-plus-seed) has increased during the last 50 years while seed 
size has declined (Bassett et ai, 1996). Public and private cotton breeding programs 
have included seed value (primarily oil content) as a breeding objective (Cherry et al. } 
1986). Despite this, advances in oil content have been limited due to the competing 
breeding objective of fiber yield. Attempts to increase both fiber and oil yield together 
have met with limited success (Dani et a/., 1999; Bassett ef a/., 1996). 
[0006] Cotton fibers are single epidermal cells that protrude from the seed coat. 
Fibers are composed of carbohydrates, proteins, lipids and minerals, although the 
predominant constituent is polymeric residues of glucose, (3-1,4) glucan chains referred 
to as cellulose. Cellulose in cotton fibers is synthesized during the 50 days after anthesis 
using phloem-translocated sucrose produced in photosynthetic or senescing plant tissues. 
In the biosynthesis of cellulose, sucrose is split into the 2 constituent carbohydrate 
residues, glucose and fructose. Fructose is interconverted to glucose. The glucose 
residues then are available for synthesis of cellulose in the epidermal cell walls (Delmar, 
1999). This biosynthetic pathway is energetically conserved due to the limited 
degradation without oxidation of sucrose prior to synthesis of cellulose. 
[0007] Cotton seeds typically are composed of 3.5% w/w starch (Pettigrew, 2001 ), 
20% w/w oil and 20% w/w protein (Rayburn et a/. f 1 989-2001 ). Stored seed-oil is 
predominately (97%) triacyglycerol (TAG) derived from linoleic (18:2), palmitic (16:0) and 
oleic (18:1) fatty acids (Tzen et a/., 1993). Although within a boll peak cellulose 
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deposition precedes peak oil accumulation by approximately 1 5 days, in the plant, oil and 
cellulose biosynthesis accumulate concomitantly (McD. Stewart, 1986). Seed TAG is 
synthesized following the glycolytic degradation of sucrose into acetyl Co-A that is then 
used as precursors for lipid biosynthesis. The TAG biosynthetic pathway from sucrose is 
energetically inefficient because sucrose must be oxidized and degraded into 2-carbon 
acetyl residues prior to reduction and condensation into 16- to 18-carbon fatty acids, and 
then incorporation into TAG. 

[0008] Although agronomic practices to manage varieties that have the potential to 
generate excess vegetative growth have been published (Kerby, 1996), methods to breed 
new cultivars that incorporate reduced seed-oil traits have not. The predominant method 
to breed commercial transgenic cotton cultivars is the backcross method, whereby a 
transgene donor is crossed with an elite recurrent parent to generate an F1 hybrid, which 
is then repeatedly backcrossed to the recurrent parent. Backcrosses are repeated 2 to 6 
times, depending on the breeding objectives and genetic relatedness of the gene donor 
and recurrent parents. Once the desirable alleles from the recurrent parent are fixed in 
the resulting hybrid, selfing and selection of a transgenic variety with essentially the same 
characteristics of the recurrent parent is identified at the F2 and F3 generations. The 
backcross method has been used on all elite transgenic cotton varieties for which Plant 
Variety Protection (PVP) certificates were issued in the U.S. before December 31, 2002. 
A modified backcross method, whereby two lines carrying different transgenes, but 
derived from the same recurrent parent, are crossed, also has been employed. 
[0009] The traditional method of developing novel non-transgenic cultivars is 
forward crossing. This breeding strategy relies on multiple or single crosses between 
diverse elite and non-elite cultivars, several generations of selfing to fix alleles in a 
homozygous state, and then subsequent selection of novel allele combinations. Forward 
crossing has rarely been employed in transgenic breeding of cotton. In the early stages of 
new transgene commercialization, the number and diversity of cultivars carrying a new 
transgene are limited, thus forward crossing combinations are limited. Maximum fiber 
yield from cottonseed oil suppression traits will require novel breeding methods to 
incorporate these traits into high yielding adapted commercial cultivars, since selection for 
yield without the trait may not assemble the best combinations of alleles for cultivars 
containing the cottonseed oil suppression trait. 
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SUMMARY OF THE INVENTION 
[00010] This invention relates to a method of selecting and/or generating oil 
suppression genes, or alleles of genes that affect seed-oil biosynthesis or deposition, and 
a method of producing plants, including transgenic plants, wherein the seed-oil content is 
reduced, thereby increasing the supply of sucrose for protein and carbohydrate (including 
cellulose and starch) production within the seed. In one embodiment, the genetic control 
of seed-oil content is achieved by selecting naturally occurring or artificially induced seed- 
oil suppression alleles of endogenous genes that control seed-oil content and introducing 
them into elite germplasm using plant breeding strategies. In a further embodiment, the 
control of seed-oil content is achieved by introducing a gene the action of which directly 
alters seed-oil content. In yet a further embodiment, the genetic control of seed-oil 
content is achieved through application of an external stimulus that activates expression 
of a seed-oil suppressing gene. In yet a further embodiment, it is achieved by application 
of an external stimulus that activates an introduced genetic system that results in the 
suppression of seed-oil biosynthesis and/or storage without the need for the continued 
presence of the external stimulus. In yet a further embodiment, control of seed-oil content 
is achieved through hybridization and in a sixth embodiment, it is achieved by the direct 
introduction of an activation gene into a plant containing an inactive seed-oil suppression 
gene. 

[0001 1] An object of embodiments of the invention, therefore, is to produce 
suppression of oil in the seed of plants, reducing the energy-intensive incorporation of 
sucrose-derived carbon into stored oil, thereby increasing the supply of sucrose for 
sustained fiber and plant vegetative growth during plant growth. A preferred embodiment 
involves increasing the supply of sucrose to a cotton plant during the boll-filling phase of 
plant growth. 

[00012] An additional object of embodiments of the invention is to provide a breeding 
method for producing plants that contain a yield enhancing trait, such as a seed-oil 
suppression transgene or any other transgene, and also contain a genetic and phenotypic 
background that optimizes the performance of the yield enhancing trait. 
[00013] Therefore, in one embodiment, the invention provides a reduced seed-oil 
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content plant cell that expresses a seed-oil suppressing gene under control of a plant- 
active promoter which exhibits a reduction in seed-oil and a concomitant increase in plant 
carbohydrate, protein or both and where the seed-oil suppressing gene is selected from 
the group consisting of a mutant allele of a gene naturally occurring in said plant and a 
transgene. Preferred plants for use in the invention are selected from the group 
consisting of cotton, corn, soybean, canola and wheat. The invention provides, in another 
embodiment, a reduced seed-oil content plant which comprises a cell as described above. 
In yet another embodiment, the invention provides a reduced seed-oil content plant as 
described above that has enhanced fiber yield. Such reduced seed-oil content plants may 
be an elite or primitive cultivar. 

[00014] The seed-oil suppressing gene may be a mutant allele of a gene naturally 
occurring in the plant or may be introduced into the germplasm of an elite cultivar. In 
some embodiments, the seed-oil suppressing gene controls seed-oil content by 
suppressing seed-oil biosynthesis or by suppressing seed-oil storage. In some 
embodiments of the invention, the seed-oil suppressing gene is generated within the 
germplasm of the plant by random mutagenesis, such as by exposure to ethyl 
methanesulfonate. In some embodiments of the invention, the seed-oil suppressing gene 
is identified and isolated from a mutagenized seed stock. Expression of the seed-oil 
suppressing gene suppresses at least one biosynthetic step in oil biosynthesis in 
preferred embodiments of the invention. 

[00015] In some embodiments of the invention, expression of the seed-oil 
suppressing gene suppresses carbonic anhydrase, ACCase, lysophosphatidic acid 
acyltransferase, diacylglycerol acyltransferase, oleosin or any combination thereof. 
Preferably, the seed-oil suppressing gene suppresses a gene early in the oil biosynthetic 
pathway and a gene late in the oil biosynthetic pathway, such as the CA gene and/or the 
ACCase gene (early) and the LPAT gene and/or the DGAT gene (late). 
[00016] Preferably, the seed-oil suppressing gene is a transgene. This transgene 
suppresses at least one biosynthetic step in oil biosynthesis, such as carbonic anhydrase, 
ACCase, lysophosphatidic acid acyltransferase, diacylglycerol acyltransferase, oleosin or 
any combination thereof. In preferred embodiments, the transgene suppresses a gene 
early in the oil biosynthetic pathway and a gene late in the oil biosynthetic pathway. In 
some embodiments of the invention, the seed-oil suppressing transgene is a linear 
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arrangement of partial sense and antisense sequences from a gene that is early in the 
seed-oil biosynthesis pathway and from a gene that is late in the seed-oil biosynthesis 
pathway, for example, the CA gene and/or the ACCase gene (early) and the LPAT gene 
and/or the DGAT gene (late) designed to create RNA interference. The seed-oil 
suppressing gene may be a cosuppression directing nucleic acid, an antisense nucleic 
acid, a nucleic acid that encodes an immunomodulation protein, a nucleic acid that 
encodes a ribozyme, a nucleic acid that encodes a transcription factor suppressor or a 
nucleic acid that encodes an RNAi sequence. 

[00017] In some embodiments of the invention, the transgene is operatively linked to 
a constitutive promoter, such as the 35S promoter from cauliflower mosaic virus, the 
maize ubiquitin promoter, the peanut chlorotic streak caulimovirus promoter, a Chlorella 
virus methyltransferase gene promoter, the full-length transcript promoter form figwort 
mosaic virus, the rice actin promoter, pEMU promoter, MAS promoter, the maize H3 
histone promoter or an Agrobacterium gene promoter. The transgene may be operatively 
linked to a seed-specific promoter such as the cotton alpha-globulin promoter, the napin 
gene promoter, the soybean alpha-conglycinin gene promoter, the soybean beta- 
conglycinin gene promoter or the soybean lectin promoter. In some embodiments of the 
invention, the said seed-specific promoter is generated by operable linkage of a genetic 
element that directs seed-specific expression to a core promoter sequence. 
[00018] In a preferred embodiment of the invention, the promoter is activated by 
application of an external stimulus such that the seed-oil suppressing gene is expressed 
in the presence of said external stimulus. Exemplary external stimuli include, but are not 
limited to copper, a benzenesulfonamide herbicide safener, a glucocorticosteroid 
hormone, estradiol and ecdysterodial activity. In some embodiments of the invention, 
expression of the seed-oil suppressing gene, after activation, continues to be expressed 
in the absence of said external stimulus. The seed-oil suppressing gene may be operably 
linked to an inducible promoter or a repressible promoter, such as, for example the 
promoter from the ACE1 system, the promoter of the maize Intron 2 gene, the promoter of 
the Tet repressor from Tn10, the phosphate-deficiency responsive promoter from a 
phosphate-starvation responsive beta-glucosidase gene from Arabidopsis, the synthetic 
promoter containing a 235bp sulfur deficiency response element from a soybean beta- 
conglycinin gene linked to a 35S core promoter sequence, the inducible promoter from a 
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steroid hormone gene the transcriptional activity of which is induced by a 
glucocorticosteroid hormone and XVE. The promoter may be a seed-specific promoter, 
such as the cotton alpha-globulin promoter (AGP). 

[00019] In some embodiments of the invention, the reduced seed-oil content plant 
comprises an excisable blocking sequence that prevents expression of said seed-oil 
suppressing gene. Preferably, the seed-oil content of said plant is reduced to a level of 
1 % to 1 7% of the fuzzy whole seed weight. Preferably, stable pools of sucrose are 
generated in the plant that are available to increase, in a sustained fashion, the production 
of commercially valuable cellulosic, starch or protein macromolecules. 
[00020] The invention provides, in some embodiments, a method for making a 
reduced seed-oil content plant as described above, which comprises transfecting a plant 
cell with a transgene that suppresses a gene selected from the group consisting of 
carbonic anhydrase, ACCase, lysophosphatidic acid acyltransferase, diacylglycerol 
acy transferase, oleosin and any combination thereof under control of a plant-active 
promoter; and regenerating a whole plant from the plant cell. The seed-oil suppressing 
gene may be selected from the group consisting of a cosuppression directing nucleic acid, 
an antisense nucleic acid, a nucleic acid that encodes an immunomodulation protein, a 
nucleic acid that encodes a ribozyme, a nucleic acid that encodes a transcription factor 
suppressor and a nucleic acid that encodes an RNAi sequence. The promoter may be a 
constitutive promoter, such as the 35S promoter from cauliflower mosaic virus, the maize 
ubiquitin promoter, the peanut chlorotic streak caulimovirus promoter, a Chlorella virus 
methyltransferase gene promoter, the full-length transcript promoter form figwort mosaic 
virus, the rice actin promoter, pEMU promoter, MAS promoter, the maize H3 histone 
promoter or an Agrobacterium gene promoter. Preferably, the promoter is a seed- 
specific promoter, such as the cotton alpha-globulin promoter, the napin gene promoter, 
the soybean alpha-conglycinin gene promoter, the soybean beta-conglycinin gene 
promoter or the soybean lectin promoter. In some embodiments of the invention, the 
seed-specific promoter is generated by operable linkage of a genetic element that directs 
seed-specific expression to a core promoter sequence, and may be activated by 
application of an external stimulus such that the seed-oil suppressing gene is expressed 
in the presence of the external stimulus. Exemplary external stimuli include, but are not 
limited to, copper, a benzenesulfonamide herbicide safener, a glucocorticosteroid 
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hormone, estradiol and ecdysterodial activity. 

[00021] In some embodiments of the invention, the seed-oil suppressing gene, after 
activation, continues to be expressed in the absence of said external stimulus. The 
promoter may be an inducible or repressible promoter, such as, for example, the promoter 
from the ACE1 system, the promoter of the maize Intron 2 gene, the promoter of the Tet 
repressor from Tn10, the phosphate-deficiency responsive promoter from a phosphate- 
starvation responsive beta-glucosidae gene from Arabidopsis, the synthetic promoter 
containing a 235bp sulfur deficiency response element from a soybean beta-conglycinin 
gene linked to a 35S core promoter sequence, the inducible promoter from a steroid 
hormone gene the transcriptional activity of which is induced by a glucocorticosteroid 
hormone and XVE. The promoter may be a seed-specific promoter such as the cotton 
alpha-globulin promoter (AGP). 

[00022] Preferably, in methods according to the invention, the seed-oil content of 
said plant is reduced to a level of 1 % to 1 7% or the fuzzy whole seed weight. Also, 
preferably, stable pools of sucrose are generated in the plant that are available to 
increase, in a sustained fashion, the production of commercially valuable cellulosic, starch 
or protein macromolecules. 

[00023] The invention also provides, in some embodiments, a breeding method for 
producing an enhanced yield self-pollinating plant that contains a yield enhancing gene, 
which comprises providing an elite recurrent parent plant; providing a donor parent plant 
that contains said yield enhancing gene and that contains at least one phenotypic trait; 
crossing said elite recurrent parent plant with said donor parent plant to produce an F1 
progeny plant; crossing said F1 progeny plant with said elite recurrent parent plant to 
produce a BC1F1 progeny plant that contains said yield enhancing gene; self-pollinating 
said BC1F1 progeny plant to produce a BC1F2 progeny plant that contains said yield 
enhancing gene; self-pollinating said BC1F2 progeny plant to produce BC1F2:3 plants 
that contain said yield enhancing gene; self-pollinating said BC1F2:3 plants; screening 
said BC1F2:3 plants for zygosity of said yield enhancing gene; collecting the seed of said 
BC1 F2:3 plants that are homozygous for said yield enhancing gene, which is BC1 F2:4 
seed; and germinating said seed to produce an enhanced yield self-pollinating plant that 
contains said yield-enhancing gene. Screening can be performed by producing a progeny 
row and observing a phenotypic trait characteristic of the yield enhancing gene or by 
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molecular biology methods such as PCR or by assay for the expression product of the 
yield enhancing gene in this or any of the embodiments of the invention. 
[00024] The invention further provides embodiments which include a breeding 
method for producing an enhanced yield self-pollinating plant that contains a yield 
enhancing gene, which comprises providing an elite recurrent parent plant; providing a 
donor parent plant that contains said yield enhancing gene and that contains at least one 
phenotypic trait; crossing said elite recurrent parent plant with said donor parent plant to 
produce an F1 progeny plant; crossing said F1 progeny plant with said elite recurrent 
parent plant to produce a BC1F1 progeny plant that contains said yield enhancing gene; 
self-pollinating said BC1F1 progeny plant to produce a BC1F2 progeny plant that contains 
said yield enhancing gene; self-pollinating said BC1F2 progeny plant to produce BC1F2:3 
plants that contain said yield enhancing gene; self-pollinating said BC1F2:3 plants; 
screening said BC1F2:3 plants for zygosity of said yield enhancing gene; collecting seed 
of said BC1F2:3 plants that contain said yield enhancing gene, which is BC1F3:4 seed; 
germinating said BC1F3:4 seed to produce BC1F3:4 plants; self-pollinating said BC1F3:4 
plants; screening said BC1F3:4 plants for zygosity of said yield enhancing gene; collecting 
seed of said BC1F3:4 plants that are homozygous for said yield enhancing gene, which is 
BC1F3:5 seed; and germinating said seed to produce an enhanced yield self-pollinating 
plant that contains said yield enhancing gene. 

[00025] In yet a further embodiment, the invention provides a breeding method for 
producing an enhanced yield self-pollinating plant that contains a yield enhancing gene, 
which comprises providing an elite recurrent parent plant; providing a donor parent plant 
that contains said yield enhancing gene and that contains at least one phenotypic trait; 
crossing said elite recurrent parent plant with said donor parent plant to produce an F1 
progeny plant; crossing said F1 progeny plant with said elite recurrent parent plant to 
produce a BC1F1 progeny plant that contains said yield enhancing gene; self-pollinating 
said BC1F1 progeny plant to produce a BC1F2 progeny plant that contains said yield 
enhancing gene; self-pollinating said BC1F2 progeny plant to produce BC1F2:3 plants 
that contain said yield enhancing gene; self-pollinating said BC1F2:3 plants; screening 
said BC1 F2:3 plants for zygosity of said yield enhancing gene; collecting seed of said 
BC1F2:3 plants that contain said yield enhancing gene which is BC1F3:4 seed; 
germinating said BC1F3:4 seed to produce BC1F3:4 plants; self-pollinating said BC1F3:4 
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plants; screening said BC1F3:4 plants for zygosity of said yield enhancing gene; collecting 
seed of said BC1F3:4 plants that contain said yield enhancing gene, which is BC1F4:5 
seed; germinating said BC1F4:5 seed to produce BC1F4:5 plants; self-pollinating said 
BC1 F4:5 plants; screening said BC1 F4:5 plants for zygosity of said yield enhancing gene; 
collecting seed of said BC1F4.5 plants that are homozygous for said yield enhancing 
gene, which is BC1 F4:6 seed; and germinating said seed to produce an enhanced yield 
self-pollinating plant that contains said yield enhancing gene. 

[00026] In further embodiments, the method further comprises repeating the steps of 
screening the plants for zygosity of the yield enhancing gene; self-pollinating the plants; 
collecting the seed of the plants that contain said yield enhancing gene; germinating said 
BC1F4:5 seed to produce BC1F4:5 plants; self-pollinating the plants; screening the plants 
for zygosity of said yield enhancing gene; collecting seed of the plants that are 
homozygous for said yield enhancing gene; and germinating the seed to produce plants 
for generations of heterozygous progeny plants subsequent to BC1 F4:5. 
[00027] In preferred embodiments of the invention, the yield enhancing trait is 
selected from the group consisting of seed-oil suppression, delayed leaf senescence, 
enhanced leaf photosynthesis, enhanced leaf production of sucrose, enhance leaf export 
of sucrose, enhanced translocation of sucrose in the plant vasculature, reduced plant 
respiratory losses, reduced plant photorespiratory losses, reduced carbohydrate use in 
non-fruit plant tissue, enhanced movement of sucrose into the desired plant organ or 
tissue, and any combination thereof. The phenotypic trait may be selected from the 
group consisting of dwarfing, short stature, more determinate growth habit, precocious 
flowering, intense flowering, rapid fruit development, medium to large seeds, large bolls, 
high fruit retention, high lint percent, low micronaire, cluster fruiting, insect protection, and 
any combination thereof. 

[00028] Elite recurrent parent plants suitable for use in the invention preferably are 
selected for a quality selected from the group consisting of yield, adaptation, fiber quality, 
agronomic performance and transgenic traits. The yield enhancing gene may be a mutant 
allele of a gene naturally occurring in said plant or a transgene. The donor parent plant 
may be produced by directly transforming a recurrent plant containing at least one 
phenotypic trait with a yield enhancing gene, by crossing a yield enhancing gene donor 
plant with a recurrent plant containing at least one phenotypic trait and selecting progeny 
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plants that contain both the yield enhancing gene and the phenotypic trait(s) or by 
crossing and backcrossing a yield enhancing gene donor plant with a recurrent plant 
containing at least one phenotypic trait and selecting progeny plants that contain both the 
yield enhancing gene and the phenotypic trait(s). 

BRIEF DESCRIPTION OF THE FIGURES 
[00029] Figure 1 shows the relationship between Lint Yield and Oil Percent in 21 
cotton varieties from 1989 through 2001 (Rayburn ef a/., 1989-2001). 
[00030] Figure 2 shows the relationship between Lint Yield and Lint Percent in 21 
cotton varieties from 1989 through 2001 (Rayburn et a/., 1989-2001). 
[00031] Figure 3 shows the relationship between Lint Percent and Oil Percent in 21 
cotton varieties from 1989 through 2001 (Rayburn et a/., 1989-2001). 
[00032] Figure 4 shows the relationship between Lint Yield (as determined from 
multiple paired comparisons) and Oil Percent in 19 cotton varieties from 2002. 

DETAILED DESCRIPTION OF THE INVENTION 
[00033] Yield Enhancement Technology (YET) in field crops has been an active 
focus of recent research in plant biology. Although yield enhancement research in cotton 
has been limited by the difficulty of genetic manipulation in cotton and its complex 
harvestable product, the chance of success in cotton is greater than in other field crops 
because physiological optimization for yield within modern cotton cultivars is limited. 
During most of cotton's domestication, up until the 1950's, cotton was cultivated around 
the world as a full season crop or a perennial shrub without insecticide protection. 
Despite numerous host plant resistance mechanisms in cotton, percent fruit retention, and 
by extension sucrose utilization in fiber development, was low. However, with modern 
chemical and biotechnological solutions for insect pests, combined with reduced season- 
length production strategies, percent boll set has substantially improved and the rate of 
sucrose utilization in fiber development has increased. Yield in modern cotton fields is 
now limited by sucrose supply rather than fruit retention. This limitation of fiber yield by 
sucrose is evidenced in the 35% increase in yield response to increased leaf sucrose 
production with elevated C0 2 (Evans, 1990; Kimball, 1983) and the global appearance of 
boll-accumulation-associated syndromes (bronze wilt, potassium deficiency, dead fiber, 
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and premature senescence) in high yielding fields and cultivars as the plant carbohydrate 
supply is exhausted. 

[00034] The biosynthesis of cottonseed-oil reduces the supply of sucrose available 
for biosynthesis of fiber and additional vegetative growth due to: (a) the common source 
of carbon (phloem-transported sucrose) for both seed-oil (primarily TAG) and cellulose, 
(b) the temporal overlap on a whole plant basis in sucrose utilization for both oil and 
cellulose, and (c) the relative energetic inefficiency of the seed-oil biosynthetic pathway 
compared with cellulose biosynthesis. As a result of sucrose depletion during the boll 
maturation phase, new vegetative tissue and fiber development ceases during the period 
referred to as "cutout" (Kerby et al., 1993). As the sucrose supply declines, new root 
production slows first, then shoot tissue production slows and finally boll accumulation 
stops. Fiber yield is curtailed both directly due to the diversion of sucrose to oil 
biosynthesis and indirectly from the decline in photosynthesis and soil nutrient uptake that 
results from the aging of the leaf and root tissues when new shoot and root production 
slows. Wullschleger and Oosterhuis, 1990; Kerby et a/., 1987. 

[00035] A method to suppress TAG biosynthesis in cottonseed would delay cutout, 
sustain photosynthesis and soil nutrient uptake and provide an expanded sucrose supply 
for fiber development. Whole plant modeling has demonstrated in silico the yield benefit 
derived from delayed cutout (Landivar et a/., 1983). Since TAG requires substantially 
more metabolic energy to produce than cellulose does and the mass of seed is greater 
than the mass of fiber, a slight reduction in TAG could result in an economically significant 
increase in fiber yield if the sucrose supply is properly channeled into fiber production and 
not excess shoot or root growth. This channeling of excess sucrose into fiber, without 
excess vegetative growth, will require modifications to traditional agronomic and plant 
breeding programs. 

[00036] Considering that seed-oil, primarily TAG, is used in the developing cotton 
seedling as a source of energy and carbon for new growth (Cothren, 1999; Shrestha et 
a/., 2002), extreme elimination of TAG biosynthesis in seed, which would generate the 
largest fiber yield enhancement, could limit seedling growth. A cotton variety, DP 5415, 
with small seeds and low oil content (Seed Index of 8.7 g per 100 seeds and Oil Percent 
of 18%, USDA-ARS) produces smaller and less vigorous seedlings. In Arabidopsis 
mutants, a 25% reduction in seed-oil content impairs germination under cool or saline 
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conditions (Lu and Hills, 2002). Other Arabidopsis mutants, peroxisome defective {pedl, 
2 and 3) and isocitrate lyase knockouts (icl-1 and /c/-2), with reduced utilization of fatty 
acids, generated viable seeds which failed to develop normal seedlings under less than 
optimum light and nutritional conditions (Hayashi et a/., 1998; Eastmond et a/., 2000). 
[00037] Thus, TAG suppression in a cultivar for commercial uses would have to be 
controlled or regulated by a plant gene expression system to allow the production of a 
seed crop without cottonseed-oil suppression, but which allows these viable seeds to 
produce a commercial fiber crop with maximum fiber yield enhancement. Such a 
mechanism would allow cotton farmers both to plant vigorous seed and harvest higher 
fiber yields, since the supply of sucrose not diverted to TAG would be used by the plant to 
produce fiber. TAG suppression in the seed is not expected to impact developing fiber 
negatively since TAGs are neutral, anhydrous lipids produced and stored in metabolically- 
isolated oil bodies after peak fiber development in the same boll. Indirect effects on fiber 
and embryo metabolism may occur due to the increased supply of acetyl CoA and 
precursors, including sucrose, available for non-oil biosynthetic pathways on a whole plant 
basis. 

[00038] The inverse relationship between seed-oil and the other seed constituents, 
protein and carbohydrate (starch or cellulose), has been a challenge to plant breeding in 
corn and soybeans, where genetic gain for combined seed yield and oil content have 
been difficult (Kumar et a/., 2000) and where genetic gain for one constituent has resulted 
in genetic loss in other constituents (Dudley, 1992). Genetic selection in corn and 
soybeans for high oil or high protein negatively impacts grain yield (Dudley, 1976; Burton, 
1987). In Arabidopsis mutants that have low seed-oil content, seed carbohydrates such 
as starch and sucrose increase. Tobacco leaves transgenically modified to overexpress 
the lipid biosynthetic enzyme, acetyl-CoA carboxylase (ACCase), have about 20% higher 
lipid content and about 20% lower starch content compared with wild type leaves (Madoka 
et a/., 2002). Potatoes transgenically altered to suppress starch biosynthesis using 
antisense have increased sugar and protein content (Willmitzer et a/., 2001 ). 
[00039] Expanded sucrose supply for fiber development (and thus yield 
enhancement) could be generated from one of the following four approaches: (1 ) 
increasing photosynthetic efficiency, (2) extending the duration of leaf photosynthesis, (3) 
avoiding damage to leaf photosynthetic machinery, and (4) reducing sucrose diverted to 
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plant tissues or products that are less valuable than fiber. To achieve any of the first three 
of these approaches probably would require complex multi-genic modification; the fourth 
approach can be achieved by cottonseed oil suppression. The combination of new 
technology to modify seed-oil combined with the recognition of the greater economic 
value of the cotton fiber compared with the cotton oil (45 cents per pound of fiber 
compared with 18 cents per pound of cottonseed oil; USDA-AMS, 2002) provides a 
beneficial and useful method to achieve yield enhancement in cotton. 
[00040] The biosynthesis of oil has multiple regulatory and enzymatic points that are 
potential targets for downregulation by cosuppression (or gene silencing) (Waterhouse et 
a/., 2002), antisense (Cornelissen and Vandewiele, 1989), immunomodulation (Jobling et 
a/., 2002), ribozymes (Cotten and Birnstiel, 1989), transcription factor suppression (Guan 
et a/., 2002), RNAi strategies (Fire et a/., 1998; Chuang and Meyerowitz, 2000) or other 
methods known in the art. These targets include, but are not limited to carbonic 
anhydrase (CA) (Hoang and Chapman, 2002a), ACCase (Reverdatto et a/., 1999), 
lysophosphatidic acid acyltransferase (LPAT) (Ohlrogge and Jaworski, 1997), 
diacyglycerol acyltransferase (Ohlrogge and Jaworski, 1997; Roesler et a/., 1997), and 
oleosin expression (Sarmiento ef a/., 1997). 

[00041] Hoang and Chapman (2002a) have discussed carbonic anhydrase (CA) as 
a potential target for lipid biosynthesis suppression in the cotton variety Paymaster HS 26. 
In plant fatty acid biosynthesis, HC0 3 " is incorporated by acetyl-CoA carboxylase 
(ACCase) while C0 2 is released by fatty acid synthase (FAS). Acetyl-CoA provides the 
carbon source for fatty acid biosynthesis and production of TAG. Because the 
uncatalyzed interconversion of HC0 3 "and C0 2 is slow, CA activity increases 15-fold from 
25 days to 40 days post anthesis in cottonseeds to support oil biosynthesis (Hoang and 
Chapman, 2002a). Furthermore, CA inhibitors applied to cotton embryos and antisense 
suppression of CA in tobacco both reduced oil biosynthesis. Fatty acid availability in 
embryos has been identified as a limiting factor in TAG accumulation (Bao and Ohlrogge, 
1 999). A novel CA gene in cottonseeds has been identified (Wessler et al. t 2002). The 
level and/or timing of expression of the CA gene are viable targets to suppress cottonseed 
oil without suppressing the other functions of CA in non-seed tissue. 
[00042] ACCase is the first committed step in fatty acid biosynthesis. Two forms of 
ACCase occur in dicotyledonous plants; the homodimeric form (HOM-ACCase) occurs in 
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the cytosol, while the heteromeric form (HET-ACCase) occurs in the plastids where the 
fatty acids are synthesized. These fatty acids later are incorporated into TAG oil bodies 
via the endoplasmic reticulum. ACCase is responsible for the capture and complexing of 
HC0 3 " with acetyl-Coenzyme A (CoA), producing Malony-CoA which is subsequently used 
in the 2-carbon step elongation of fatty acids. Acetyl-CoA is a common intermediate in 
many cellular metabolic pathways and is found in plastids, cytoplasm, mitochondria, and 
peroxisomes/glyoxysomes. Three of the four HET-ACCase subunits in dicots are coded 
by nuclear genes (Somerville et al., 2000; Sasaki et al., 2001 ) and have been 
characterized, sequenced and cloned in pea and soybean (Shorrosh etal., 1996; 
Reverdatto et al., 1999). These genes therefore are suitable and appropriate targets for 
cosuppression, antisense, ribozyme, transcription factor suppression or nuclear transgene 
RNA inhibition methods. 

[00043] In the grass family (Poaceae), homodimeric forms of ACCase are found in 
both the cytosol and plastid. The grass plastid-localized HOM-ACCase is the site of 
inhibition for the cyclohexenone herbicides, and has been sequenced in several plant 
species (Reverdatto et al., 1999). Targeting of the Arabidopsis HOM-ACCase to the 
Brassica napus plastid resulted in a 6% increase in total seed-oil content (Roesler et al., 
1997). Tobacco leaves transgenically modified to overexpress ACCase have about 20% 
higher lipid content and about 20% lower starch content compared to wild type leaves 
(Madoka et al., 2002). Antisense suppression of the Brassica napus HOM-ACCase 
reduced seed lipid to 66 and 86% of wild type while increasing sucrose content by 35% 
compared to wild type (Sellwood et al., 2000). The coordinate expression of ACCase with 
other lipid biosynthetic components suggests that the accumulation of ACCase mRNA is a 
key regulatory point in lipid biosynthesis (O'Hara et al., 2002). Positioned at the beginning 
of lipid biosynthesis, ACCase is a tightly regulated enzyme in plants. This enzyme 
therefore is a suitable target for downregulation with seed-specific expression of sense, 
antisense, ribozyme, transcription factor suppression or RNA interference to permit oil 
suppression without adverse overproduction of precursors or inhibition of plant growth 
according to an embodiment of this invention. 

[00044] Diacyglycerol acyltransferase (DGAT) catalyzes the final step in the 
biosynthesis of TAG, using diacylglycerol and a fatty acid CoA as substrates. Its primary 
protein sequences in Arabidopsis thaliana, Nicotiana tabacum and Brassica napis 
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recently have been elucidated and are 90% homologous at the amino acid level (Bouvier- 
Nave et al., 2002; Zou et al., 1999; Hobbs et al., 1999; Nykiforuk et al., 1999; Jako ef a/., 
2001). DGAT is unique to TAG biosynthesis and thus its downregulation can impact TAG 
accumulation (Katavic et al., 1995) without curtailing other metabolic pathways. Genes 
coding for DGAT have been cloned (Hobbs et al., 1999; Lardizobal, 2001). The ethyl 
methanesulfonate (EMS)-derived insertional mutant, tag 1-1, in Arabidopsis thaliana had 
DGAT activity and seed-oil content approximately 75% of the wild type (Jako et al., 2001), 
with nonsignificant effects on protein or seed size. Sucrose was elevated by 55% in tag 
1-1 mutant seeds compared to wild type (Lu and Hills, 2002). Another Arabidopsis DGAT 
mutant, tag 1-2, develops seed-oil contents approximately 55% of wild type and 
germination and cotyledon emergence under favorable conditions (23°C) 45% of wild 
type. Germination of the tag 1-1 mutant was comparable with wild type under favorable 
conditions. Under cold conditions (4°C), tag 1-1 and tag1-2 germination was reduced to 
45% and 0%, respectively, from 100% and 85% in wild type (Lu and Hills, 2002). 
Sensitivity to salt was similarly related to low TAG content (Lu and Hills, 2002). In 
Arabidopsis thaliana, tobacco, and Brassica napus, overexpression of DGAT using a 
seed-specific promoter heritably and significantly increased seed-oil content, seed weight, 
and seed yield with minimal changes in the fatty acid composition of the seed-oil (Jako et 
al., 2002; Bouvier-Nave etai, 2002). 

[00045] An earlier enzyme in the biosynthetic pathway of TAG, lysophosphatidic acid 
acyltransferase (LPAT), also regulates TAG production in Arabidopsis thaliana and 
Brassica napus (Zou et al., 1997). The sequence of the penultimate enzyme in the 
formation of TAG, phosphatide acid phosphatase (PAP), has been reported (Lassner, 
2002). PAP dephosphorylates the sn-3 position of phosphatidic acid to form sn-1 ,2- 
diacylglycerol, the precursor of TAG. Lassner (2002) has claimed that use of sense and 
antisense sequences of PAP to increase and decrease TAG in corn and soybeans 
produces plants with altered lipid composition and total lipid levels. Although most of the 
current work in oil biosynthetic manipulation has been focused on increasing oil content, 
such as the work with LPAT, downregulation of a pathway generally is considered to 
require less genetic manipulation than upregulation, where the biosynthesis of precursor 
molecules also must be upregulated (Taylor, 1998). 

[00046] Oleosins are multidomain proteins embedded in the monolayer lipid surface 
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of oil bodies. Oleosins have a hydrophobic domain that protrudes into the TAG core of 
the oil body and amphiphatic domains that reside on the surface of the oil body or 
protrude from it. The accumulation of TAG and oleosins is synchronous in developing 
embryos and highly correlated in some plant species (Tzen et al. y 1993). Since oleosins 
are expressed in seed and used only in oil bodies (Sarmiento et al. } 1997), 
downregulation of oleosins is a potential target for significant suppression of cottonseed 
oil storage. To minimize accumulation of TAG precursors, suppression of oleosins may 
be and preferably is combined with inhibition of an enzyme early in the lipid biosynthetic 
pathway, such as CA or ACCase. Near total elimination of oleosins in seed, combined 
with optimum suppression of CA or ACCase, according to an embodiment of this 
invention, can produce sufficient lipid for non-TAG uses (and thus permit normal seed and 
fiber development) while avoiding precursor build-up from the complete suppression of oil 
bodies. 

[00047] Cosuppression (or gene silencing), antisense, immunomodulation, 
ribozyme, transcription factor suppression or RNAi strategies are all known per se to 
those skilled in the art. Therefore, these strategies are easily adapted to optimize the 
embodiments of this invention. Preferably, genes for the inhibition of cottonseed oil 
biosynthetic enzymes would use seed-specific promoters that have negligible activity in 
non-seed tissue. Use of seed-specific promoters would minimize the chance for 
metabolic disruption in non-seed tissues and lessen the metabolic cost associated with 
constitutive expression or over expression of transgenic proteins. An alpha-globulin 
promoter (AGP) from cotton recently has been identified and shown to have a high level 
of seed-specific activity in cotton (Sunilkumar et al., 2002) without measurable non-seed 
expression. Therefore, this seed-specific promoter is preferred for expression of 
transgenes in embodiments of the invention involving transgene expression. 
[00048] Seed-specific promoters in specific enzyme suppression (Chapman et a/., 
2001 ) and RNAi strategies (Liu et a/., 2002) to inhibit seed fatty acid modification enzymes 
have led to successful manipulation of seed-oil quality parameters in cotton. These 
research programs have focused on inhibiting the activity of the oil desaturases that 
produce linoleic from oleic and steric oil for the purpose of enhanced nutritional and 
cooking qualities. Seed-specific promoters have not been reported for use in 
cosuppression (or gene silencing), antisense, immunomodulation, ribozyme, transcription 
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factor suppression or RNAi strategies for the suppression of oil biosynthesis for enhanced 
fiber yield. 

[00049] Whether CA, ACCase, LPAT, DGAT, and/or oleosin genes are the target for 
cottonseed oil suppression, the selection of optimum gene targets or sets of gene targets 
for downregulation or delayed expression using cosuppression (or gene silencing), 
antisense, immunomodulation, ribozyme, transcription factor suppression or RNAi 
strategies depends upon the objective level of cottonseed oil suppression. A gene 
expression control system can achieve a high degree of oil suppression to maximize fiber 
yield enhancement. Only partial oil suppression would be required for non-gene- 
regulated systems that are functional in both the seed production generation and the 
subsequent fiber production generation. 

[00050] In cotton embryos, a 90% CA suppression generates only a 50% 
suppression of oil biosynthesis, ostensibly due to the non-enzymatic interconversion of 
HC0 3 " and C0 2 that allows some production of acetyl CoA for oil biosynthesis (Hoang et 
a/., 2002a). Suppression of additional enzymes in the TAG biosynthetic pathway could be 
designed into a system for more complete inhibition of stored seed-oil. Since oil is a 
significant source of energy and carbon for early seedling growth, a very high degree of 
cottonseed oil suppression may negatively impact seedling growth and therefore 
subsequent yield; reduced oil content planting seed exhibit reduced seedling vigor and 
germination of immature and low density cotton (Hopper et a/., 1999; Cherry et a/., 1986). 
Cotton cultivars selected under a wide range of conditions have a narrow range of seed 
oil content, 18% to 22% w/w (Rayburn et a/., 1989 through 2001), evidencing oil's key role 
in providing metabolic energy for seedling growth. To achieve the highest level of fiber 
yield enhancement from cottonseed oil suppression and still allow propagation of high 
vigor seed for planting and sale, gene expression preferably is regulated in various 
generations that are grown for planting seed or fiber production. 

[00051] Oliver et al. proposed a mechanism to regulate gene expression using an 
excisable block between a late embryogenesis activated (LEA) promoter and a seed 
germination inhibitor. See U.S. Patent Nos. 5,723,765; 5,925,808; 5,977,441 and Oliver 
and Velten (2001). This mechanism subsequently was demonstrated to be fully 
operational in model crops. By replacing the LEA promoter with the AGP promoter and 
the seed germination inhibitor with cosuppression (or gene silencing), antisense, 
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immunomodulation, ribozyme, transcription factor suppression or RNAi genetic elements 
that inhibit TAG biosynthesis and/or TAG storage, this mechanism is used in an 
embodiment of the invention to generate high vigor cotton seed which, when planted for 
fiber yield, produces plants with a high degree of cottonseed oil suppression. Seed 
produced is viable but low in TAG and thus has reduced capacity to establish a seedling 
under field conditions. If suppression at multiple sites in the TAG biosynthetic pathway 
are desired to achieve maximum fiber yield enhancement while maintaining a supply of 
fatty acids for normal seed development, multiple cosuppression (or gene silencing), 
antisense, immunomodulation, ribozyme, transcription factor suppression or RNAi 
directed inhibition sequences can be operably linked to one promoter (Abbott, 2002). 
[00052] Once the genetic traits for both high and low levels of TAG suppression in 
cottonseed have been transformed into cotton, the testing and introgression of this trait 
into elite cotton cultivars with fiber yield enhancement is conducted. Traditional methods 
of trait selection in transformed and regenerated cotton plants can be employed. DNA, 
RNA, or protein selection for the trait can occur in callus or regenerated tissue. TAG 
concentration is determined for selection in the T1 and/or subsequent generations, since 
the oil suppression trait of interest will be expressed only in seed. 
[00053] Although TAG levels can be evaluated in transformed seed, the resulting 
fiber yield enhancement from cottonseed oil suppression technology is evaluated best in 
elite germplasm. Gene expression of some yield enhancing technology methods will fit 
optimization curves having too little or too much effect. Thus it may be necessary for 
some embodiments to carry out multiple insertion events having varying levels of gene 
expression, further into the testing and introgression program, to make final event 
selection decisions once introgressed into elite germplasm. This type of adjustment to 
expression levels is routine. 

[00054] Current transgenic products can generate minor pleiotrophic effects in some 
germplasm, such as increased storm resistance or earlier maturity. These are small 
compared with the potential pleiotrophic effects of yield enhancing technology that by their 
nature can alter maturity, determinacy, fiber quality, plant height, canopy architecture, 
disease susceptibility, response to plant growth regulators and harvest aids, etc. The 
potential for interaction between a yield-enhancing trait (such as TAG suppression) and 
the base germplasm requires novel breeding methods that take this potential interaction 
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into account to prevent undesired effects in the whole plant (such as too great an increase 
in vegetative growth) which may occur when a yield enhancing gene such as a seed-oil 
suppressing (SOS) gene is expressed. The breeding methods described as follows are 
appropriate and preferred with embodiments of the invention, but can be used for much 
broader applications. 

[00055] A donor parent containing the transgenic yield enhancing trait such as TAG 
suppression, or any yield enhancing trait whether recognized only phenotypically or due to 
expression of an identified gene (including transgenes), can be produced using traditional 
crossing and selection methods to also possess a unique phenotype or set of phenotypes 
(such as dwarfing, large bolls and precocious flowering, for example, for cotton) that 
contribute multiple phenotypic traits, any one or any group of which potentially can 
enhance the effect of the transgenic yield-enhancing trait when expressed in a particular 
genetic background. Any phenotypic trait or group of phenotypic traits may be used with 
the methods of the invention. Therefore, the term "phenotypic trait" refers herein to any 
phenotypic characteristic of a plant known in the art to those of skill in plant breeding or 
any gene the expression of which produces such a phenotypic characteristic. The term 
"yield enhancing trait" refers to any phenotypic or genotypic characteristic that results in 
increased yield of a desired plant product in plants carrying the yield enhancing trait. The 
term includes any gene or transgene which, when expressed, results in a plant with 
enhanced yield of the desired plant product. Examples of "yield enhancing traits" include, 
but are not limited to, seed-oil suppression, delayed leaf senescence, enhanced leaf 
photosynthesis, enhanced leaf production of sucrose, enhance leaf export of sucrose, 
enhanced translocation of sucrose in the plant vasculature, reduced plant respiratory 
losses, reduced plant photorespiratory losses, reduced carbohydrate use in non-fruit plant 
tissue, enhanced movement of sucrose into the desired plant organ or tissue, or any 
combination thereof. Examples of "phenotypic traits" include, but are not limited to, 
dwarfing, short stature, more determinate growth habit, precocious flowering, intense 
flowering, rapid fruit development, medium to large seeds, large bolls, high fruit retention, 
high lint percent, low micronaire, cluster fruiting, insect protection, or any combination 
thereof. 

[00056] The donor parent, which contains the yield enhancing trait, for example an 
SOS transgene, and a number of different phenotypic traits, is crossed with elite recurrent 
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parents that previously had been selected for yield, fiber quality and/or agronomic 
performance. Progeny from crosses with different elite recurrent parents, containing 
different sets of the multiple phenotypic traits of the donor parent, can be selected using 
methods well known in the art for the optimal combination of traits which allow the 
enhanced yield transgene to produce the best results. 

[00057] In addition, this donor parent may be used for limited backcrossing with elite 
recurrent parents, which transfers the yield-enhancing transgenetic trait along with a 
subset of the multiple phenotypic traits from the donor parent into the elite recurrent 
parent germplasm. Subsequent selection of optimal combinations can optimize the 
combinations of traits which allow maximum performance of the yield enhancing trait. 
Limited backcrossing initially involves crossing the donor parent with an elite recurrent 
parent and backcrossing once to the same elite recurrent parent, then selection of lines in 
the BC1F2, BC1F3, BC1F4, BC1F5 or higher generation. The limited backcrossing is 
performed to ensure that the derived lines contain (at least substantially) the genetic 
compliment of the elite recurrent parent along with the yield-enhancing trait and either 
none, some or all of the potentially beneficial enhancing phenotypic traits contributed by 
the donor parent. 

[00058] In subsequent generations, an array of BC1F2, BC1 F3, BC1F4, BC1 F5 or 
higher derived lines are evaluated to allow identification of specific phenotypic traits and 
combinations of traits which enhance the effect of the yield-enhancing trait in any 
particular elite recurrent parent background. Yield and agronomic optimization of a 
particular yield-enhancing trait in different elite recurrent parent backgrounds can require 
different combinations of multiple phenotypic traits derived from the donor parent for 
maximum performance. Traditional methods of plant breeding, therefore, can be used to 
produce the best combination of traits for the desired transgenic trait and the desired elite 
recurrent parent. Preferred phenotypic traits for use in these methods with a seed-oil 
suppressing transgene donor include, but are not limited to dwarfing, short stature, more 
determinate growth habit, precocious flowering, intense flowering, rapid fruit development, 
medium- to large-seeded, large bolls and high fruit retention. Any traits known to 
breeders can be used with the transgene of choice. Plant breeders have used these 
methods as a matter of routine to produce lines with particular desired traits, therefore it is 
considered normal practice. 
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[00059] In geographical regions with frequent cotton insect pest occurrence that 
damage fruiting sites, squares, and bolls, the cottonseed oil suppression trait optimally is 
combined with efficacious broad spectrum insect control strategies to minimize fruit loss 
that could lead to excess vegetative growth, plant height and delayed maturity. One 
optimal insect control strategy for combining with cottonseed oil suppression traits is 
multiple genes derived from Bacillus thuringiensis. These multiple gene traits are being 
developed by several sources (Pellow et a/., 2002; Greenplate ef a/., 2002) and are 
known in the art. Other genes with broad spectrum insect control also are being 
developed and in some preferred embodiments one or more of these are combined with 
the cottonseed oil suppression trait to provide yield enhancement that is of substantial 
benefit to most farmers. Placing this double technology in elite germplasm with early and 
prolific square production would further enhance farmer value. 

[00060] This invention relates to methods for generating plants wherein the seed-oil 
content is reduced, thereby increasing the supply of sucrose for protein and carbohydrate 
(including cellulose and starch) production within the seed. By controlling the expression 
of genes that affect the plant phenotype, it is possible to grow plants under one set of 
conditions or in one environment where one phenotype is advantageous and then alter 
the environment, either directly or indirectly by moving the plant or planting its seed under 
another set of conditions where a different phenotype is advantageous. This technique 
has particular utility in agricultural and horticultural applications. 
[00061] As used in this specification, the term "gene" refers to a segment of DNA 
which encodes a specific protein or polypeptide, or an RNA. The term "seed-oil 
suppressing gene," or "seed-oil suppression gene" or "SOS gene" refers to a segment of 
DNA the expression of which eliminates, blocks, hinders, interferes with, prevents, or 
otherwise reduces the biosynthesis or storage of seed-oil. Such seed-oil suppressing 
genes may include sequences that direct cosuppression, antisense sequences, 
sequences that encode antibodies, RNAi sequences or ribozymes, or any other DNA 
sequence with the desired function. 

[00062] As used in this specification, the term "plant-active promoter" refers to a 
DNA sequence that directs the transcription of an operably linked DNA sequence in a 
plant cell. Typically, a promoter is located in the 5' region of a gene, proximal to the 
transcriptional start site of a structural gene. A plant-active promoter can be of viral, 



-23- 



bacterial, fungal, animal, or plant origin. 

[00063] As used in this specification, the term "constitutive promoter" refers to a 
plant-active promoter that effects the transcription of a DNA sequence, irrespective of 
temporal, developmental, hormonal, chemical or environmental conditions, for example in 
the absence of a traditional ligand. 

[00064] As used in this specification, the term "seed-specific promoter" refers to any 
plant-active promoter that is either active exclusively in the plant seed or active in the 
plant seed and to a lesser degree in other plant tissues. Seed-specific promoters also 
can contain an added seed tissue-preferred regulatory region, a nucleotide sequence that 
directs a higher level of transcription of an associated gene in seed tissues than in some 
or all other tissues of a plant, with a core plant-active promoter that may be of plant, viral, 
bacterial, fungal, or animal origin. Seed-specific promoters also can include enhancer 
elements that confer upon a core promoter seed tissue expression specificity. 
[00065] The term "enhancer" refers to a DNA regulatory element that can increase 
the efficiency of transcription or confer tissue specificity, regardless of the distance or 
orientation of the enhancer relative to the start site of transcription. 
[00066] As used in this specification, the term "inducible promoter" refers to any 
promoter the activity of which is altered by the application of, or exposure to, an external 
stimulus. In most applications, when a promoter is inducible the rate of transcription 
increases in response to an external stimulus. The external stimulus can be chemical, 
environmental (physical), or biological in nature. 

[00067] As used in this specification, the term "cosuppression" refers to the process 
by which over-expression of an introduced gene results in the downregulation of both the 
introduced gene and the homologous endogenous gene. 

[00068] As used in this specification, the term "antisense" refers to a gene or a 
nucleotide sequence derived thereof which has a homology of more than 50%, preferably 
more than 80% with a target gene as defined herein, and which is linked to a promoter in 
the inverse 5' to 3' orientation with respect to the target gene. 

[00069] As used in this specification, the term "RNAi" (RNA interference) refers to 
suppression of the expression of a target gene by the introduction and expression of 
sequences that correspond to the whole or part of the target gene and that generate 
double-stranded RNAs, resulting in target gene specific gene silencing (suppression). 
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Generally such RNAi sequences comprise a linear arrangement of partial sense and 

antisense DNA sequences, expression of which forms RNA interference. 

[00070] As used in this specification, the term "ribozyme" refers to an RNA molecule 

that contains a catalytic center. The term includes RNA enzymes, selfsplicing RNAs, and 

self-cleaving RNAs. A DNA sequence that encodes a ribozyme is termed a ribozyme 

gene. 

[00071] As used in this specification, the term "immunomodulation" refers to the 
expression of antibody molecules that disrupt the function of specific enzymes. 
[00072] As used in this specification, the term "transcription factor suppression" 
refers to suppression or delay of gene transcription by expressing trans acting protein 
binding molecules that have this effect. 

[00073] A gene and a promoter are considered to be operably linked if they are on 
the same strand of DNA, in the same orientation, and are located relative to one another 
such that the promoter is capable of directing transcription of the gene (i.e. in c/s). The 
presence of intervening DNA sequences within or between the promoter and the gene 
does not preclude an operable relationship. 

[00074] A blocking sequence is a DNA sequence of any length that blocks a 
promoter from effecting expression of a targeted gene. 

[00075] A specific excision sequence is a DNA sequence that is recognized by a 
site-specific recombinase. 

[00076] A recombinase is an enzyme that recognizes a specific excision sequence 
or set of specific excision sequences and effects the removal of, or otherwise alters, DNA 
between specific excision sequences. 

[00077] The present invention involves, in a first embodiment, the identification and 
isolation of plants, either naturally occurring or artificially generated, that express seed-oil 
suppression genes (or alleles of those genes) that control seed-oil content in existing elite 
and primitive germplasms. These genes (or alleles) are referred to as "seed-oil 
suppression genes," "seed-oil suppressing genes" or "SOS genes." In accordance with 
the first embodiment, seed samples from individual plants or lines from existing plant 
populations, varieties or race stocks for reduced oil content and increased carbohydrate 
and/or protein are screened to identify and isolate plants that contain seed-oil suppression 
alleles. Alternatively, plants containing seed-oil suppression alleles may be identified and 
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isolated from populations generated from mutagenized seed stocks. Mutagenesis of the 
seed stocks may be performed by any method known in the art. 
[00078] Once an SOS gene, or any transgene, has been identified, plants, seeds, 
plant cells or plant tissues advantageously may be screened for presence of the gene. 
Methods for so doing are known in the art and may include, for example, any of the 
methods described in Ahmed, (2002) "Detection of Genetically Modified Organisms in 
Food." Trends Biotechnol. 20:215-233. These methods are routinely used by those of 
skill in the art and may be modified to fit the particular conditions. Testing for zygosity of 
an SOS gene, or any transgene, may be performed using any method known in the art. 
For example, the methods described in Calloway AS, Abranches R, Scraggs J. Allen GC, 
Thompson WF (2002) "High Throughput Transgene Copy Number Estimation by 
Competitive PCR." Plant Mol. Biol. Reporter 20:265-277 are suitable. Alternatively, 
zygosity may be determined by planting a progeny row and observing in the progeny 
whether the trait of interest is homozygous or whether the trait segregates. Generally 
these methods involve planting a row of progeny from a single plant containing enough 
progeny to be able to determine statistically whether a particular trait was homozygous, 
heterozygous or hemizygous in the parent according to well-known Mendelian methods. 
[00079] The seed-oil content assessment protocols developed and published by the 
American Oil Chemists' Society are convenient to use for screening purposes, however 
any convenient method known in the art is contemplated for use with this invention. For 
example, the protocol Aa 4-38 (AOCS, 2001; the disclosures of which are hereby 
incorporated by reference) describes the isolation and measurement of cottonseed oil. 
Seed samples may be collected and assayed from individual plants or lines from elite or 
primitive germplasm stocks, or both. Alternatively, alleles of endogenous seed-oil content 
genes that suppress seed-oil biosynthesis and/or storage may be generated within an 
elite (or other) germplasm by random mutagenesis using techniques well known to those 
versed in the art. For example, a cotton seed stock can be mutated by exposure to the 
chemical mutagen ethyl methanesulfonate using the protocol described by Auld et a/., 
1998, the disclosures of which are hereby incorporated by reference. Alleles of mutated 
seed-oil content genes that suppress seed-oil biosynthesis and/or storage are identified 
and isolated as described above for natural seed-oil suppression alleles. Once identified 
and isolated, the seed-oil suppression alleles can be introduced into elite germplasms for 
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commercial evaluation by the use of standard plant breeding techniques well known to 
those versed in the art. 

[00080] The present invention involves, in a second embodiment, the generation of 
transgenic plants that contain a transgene the expression of which can suppress seed-oil 
biosynthesis or reduce the seed-oil content within the seed. This transgene may be, but 
is not limited to, a gene the expression of which results in the suppression of one or more 
steps in the seed lipid biosynthetic pathway. Such transgenes and groups of nucleic acid 
sequences also are included in the meaning of the term "seed-oil suppression gene" as 
defined above. In accordance with a preferred embodiment of this type of transgenic 
plant, the plant has introduced into it a series of sequences that include a plant-active 
promoter linked to a seed-oil suppression gene. In the first and second embodiments, the 
seed-oil suppression gene is expressed in the seed during its development. 
[00081] In this second embodiment of the invention, a genetic system for seed-oil 
suppression is generated and introduced into a plant. The seed-oil suppression system 
advantageously comprises a plant-active promoter operably linked to a seed-oil 
suppression gene. The plant-active promoter is preferably but not necessarily constitutive 
or seed-specific in its transcriptional activity. Suitable constitutive promoters include, but 
are not limited to, the 35S and 19S promoters from the cauliflower mosaic virus (CaMV) 
genome (Comai efa/., 1992., Fraleyefa/., 1996), the 34S promoter from thefigwort 
mosaic virus (FMV) genome (Comai et al., 2000), the maize ubiquitin promoter (Cigan et 
a/., 1998), the peanut chlorotic streak caulimovirus (PCISV) promoter (Maiti et a/., 1998), 
promoters of Chlorella virus methyltransferase genes (Mitra et a/., 1996), the full-length 
transcript promoter from figwort mosaic virus (FMV) (Rogers, 1995); the rice actin 
promoter (McElroy efa/., 1990), pEMU promoter (Last efa/., 1991), MAS (Velten efa/., 
1984), maize H3 histone (Lepetit et a/., 1992; Atanassova et a/., 1992), and promoters of 
various Agrobacterium genes (Gelvin, 1988; Hall efa/., 1992; Slightom efa/., 1993; 
Barker et al., 1995). Suitable seed-specific promoters include, but are not limited to, the 
cotton alpha-globulin promoter (AGP, Sunilkumar et a/., 2002), the napin gene promoter 
(Kridl efa/., 1991), soybean alpha- and beta-conglycinin genes (Barker et al., 1988; Chen 
et a/., 1988; Lessard et a/., 1993), and soybean lectin promoter (Townsend and Llewellyn, 
2002). Seed-specific promoters also can be generated by operable linkage of genetic 
elements that direct seed-specific expression to core promoter sequences. Such 
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synthetic seed-specific promoters include, but are not limited to, the use of a 
concatemerized B-Box element from a 2S napin gene promoter to a 35S minimal 
promoter sequence (Rask et al., 1998; Ezcurra et a/., 1999), the addition of a G-Box 
element from the strictosidine synthase gene from Catharanthus roseus (Ouwerkerk and 
Memelink, 1999), and the linkage of a 68bp seed specific enhancer (SSE) element from a 
beta-phaseolin gene to a 35S basal promoter (-64 to +6) as described by van der Geest 
and Hall, 1996. Examples of promoters that are active in both the seed and non-seed 
tissue include 35S (Comai etal., 1992; Fraley ef a/., 1996) and 34S (Comai etal., 2000). 
[00082] Seed-oil suppression genes which are examples of suitable transgenes for 
use in the second embodiment of the invention include, but are not limited to, sequences 
that direct cosuppression, antisense, immunomodulation, targeted ribozyme activity, 
transcription factor suppression or RNAi inhibition of the expression of one or several of 
the following target genes: carbonic anhydrase (CA) (Hoang and Chapman, 2002a), 
ACCase (Reverdatto et al., 1999), lysophosphatidic acid acyltransferase (LPAT) 
(Ohlrogge and Jaworski, 1997), diacyglycerol acyltransferase (DGAT) (Ohlrogge and 
Jaworski, 1997; Roesler ef a/., 1997), and oleosin expression (Sarmiento etal., 1997). In 
a preferred embodiment, the plant-active promoter is the seed-specific promoter from the 
cotton alpha-globulin gene (AGP) described by Sunilkumar et al., 2002 (the disclosures of 
which are hereby incorporated by reference), which is operably linked to a DNA sequence 
composed of a linear arrangement of partial sense and antisense sequences, expression 
of which construct would form RNA interference, representing genes that are both early in 
the seed-oil biosynthesis pathway, such as CA and ACCase genes, and late in the seed- 
oil biosynthesis pathway, such as LPAT and DGAT genes, in a synthetic construct. This 
construct is introduced into a cotton plant, using techniques known to those well versed in 
the art, to suppress seed-oil production. See Abbott et al., (2002) and Sunilkumar and 
Rathore (2001), the disclosures of which are hereby incorporated by reference. The 
suppression of seed-oil biosynthesis in plants, for example in cotton, generates pools of 
sucrose that are available for an increase in the production of commercially valuable 
cellulosic, starch or protein macromolecules such as cotton fibers, industrial starch, or 
pharmaceutical proteins. 

[00083] The present invention involves, in a third embodiment, transgenic plants that 
contain a seed-oil suppression gene the expression of which can be controlled by 
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application of an external stimulus. In accordance with the third embodiment of the 
invention, the plant contains a series of transgenic sequences that includes an 
exogenously inducible plant-active promoter linked to a seed-oil suppression gene. In the 
third embodiment, the expression of the seed-oil suppression gene occurs in the seed 
and/or other tissues when the external stimulus is present. 

[00084] In this embodiment, the seed-oil suppression gene, as described above for 
the second embodiment of the invention, is operably linked to an inducible promoter that 
can respond to an external stimulus. Inducible promoters include, but are not limited to, 
the promoter from the ACE1 system which responds to copper (Mett et a/., 1993); the 
promoter of the maize Intron 2 gene which responds to benzenesulfonamide herbicide 
safeners (Hershey et a/., 1991 and Gatz et a/., 1994), the promoter of the Tet repressor 
from Tn10 (Gatz et a/., 1991), the phosphate-deficiency responsive promoter from a 
phosphate-starvation responsive beta-glucosidase gene from Arabidopsis (Lefebvre et aL, 
2001) and the synthetic promoter containing a 235bp sulfur deficiency response element 
from a soybean beta-conglycinin gene linked to a 35S core promoter sequence (Fujiwara 
et a/., 2002). Inducible promoters that respond to an inducing agent to which plants do 
not normally respond are particularly useful, however any inducible plant-active promoter 
is contemplated for use in this invention. An exemplary preferred inducible promoter is 
the inducible promoter from a steroid hormone gene, the transcriptional activity of which is 
induced by a glucocorticosteroid hormone (Schena et aL, 1991; the disclosures of which 
are hereby incorporated by reference) or the chimeric transcription activator, XVE, for use 
in an estrogen receptor-based inducible plant expression system activated by estradiol 
(Zuo et aL, 2000; the disclosures of which are hereby incorporated by reference). 
[00085] Other inducible promoters for use in plants are described in Ryals ef a/., 
1989; Caddick et a/., 1993 and Jepson, 1997, the disclosures of which are incorporated 
by reference. In a preferred embodiment, the ecdysone or estrogen receptor-based 
inducible plant expression system activated by insecticides with ecdysterodial activity or 
by estradiol (Martinez et aL, 1999; Dhadialla et aL, 1998; Unger et aL, 2002; Zuo et aL, 
2000) is used to control the expression of the seed-oil suppression gene. The 
introduction of the ecdysone- or estrogen/receptor-based-systems promoter-driven seed- 
oil suppression gene into a plant allows propagation of transgenic plants that produce 
seed with normal seed-oil contents until the suppression of seed-oil content is required or 
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preferred for commercial purposes. 

[00086] When suppression of seed-oil content is desired, the transgenic plant or its 
developing seed can be treated with the chemical specific for the activation of the 
promoter system (e.g., non-steroidal ecydsteroid agonists or estradiol). Once the SOS 
gene becomes active, the synthesis or storage of seed-oil in the transgenic cotton plant is 
suppressed. In plants made according to this embodiment of the invention, the 
suppression of seed-oil synthesis or storage continues as long as the activating chemical 
is present in the cells of the plant. The suppression of seed-oil generates transient pools 
of sucrose in the resultant cottonseed that are available to stimulate production of 
commercially valuable cellulosic, starch or protein macromolecules such as cotton fibers, 
industrial starch, or pharmaceutical proteins. In this preferred embodiment, the seed-oil 
content is reduced to about 1 % to 1 7% of the fuzzy whole seed weight. 
[00087] A fourth embodiment of the present invention involves transgenic plants in 
which the controlled expression of an SOS gene is activated by application of an external 
stimulus, but also continues even in the absence of continued application of the external 
stimulus to maintain the expression. In accordance with the fourth embodiment, 
sequences introduced into a plant may include (1) a plant-active promoter linked to a 
seed-oil suppression gene but separated by a blocking sequence that is bounded on 
either side by specific excision sequences and (2) an inducible plant-active promoter, the 
function of which is sensitive to an external stimulus operably linked to a gene encoding a 
site-specific recombinase capable of recognizing the specific excision sequences. In a 
closely related embodiment, sequences introduced into a plant may include (1) a plant- 
active promoter linked to a seed-oil suppression gene but separated by a blocking 
sequence that is in turn bounded on either side by specific excision sequences; (2) a 
repressible plant-active promoter operably linked to a gene encoding a site-specific 
recombinase capable of recognizing the specific excision sequences and (3) a gene 
encoding a repressor specific for the repressible promoter the function of which is 
diminished by an external stimulus. In both of these types of embodiments of the 
invention, the seed-oil suppression gene is not expressed unless activated by excision of 
the blocking sequence by activation of a specific recombinase. The recombinase is not 
active unless the external stimulus is applied. Upon application of the stimulus, either the 
inducible promoter is activated or repressor function is inhibited, the recombinase is 
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expressed and removes the blocking sequence at the specific excision sequences. The 
SOS gene becomes directly linked to the transiently-active promoter and is expressed. 
[00088] As in the previous embodiment, by controlling the expression of genes that 
affect the seed-oil content of a plant, it is possible to grow plants under one set of 
conditions or in one environment where it is advantageous not to alter the oil content of 
the seed, then alter the environment directly, or indirectly by moving the plant or its seed 
to another set of conditions or another environment where the alteration of seed-oil 
content is advantageous. The transgenic plants of the fourth embodiment of this invention 
are prepared by introducing into their genome a series of functionally related DNA 
sequences containing the following basic elements: (1) a plant-active promoter, (2) a 
seed-oil suppression gene which is linked to the plant-active promoter with a blocking 
sequence separating the plant-active promoter and the gene, (3) unique specific excision 
sequences flanking the blocking sequence where the specific excision sequences are 
recognizable by a site-specific recombinase, (4) a gene encoding the site-specific 
recombinase, and (5) an inducible or repressible plant-active promoter capable of 
induction (or cessation of repression) through the application of an exogenous stimulus to 
either the seed or growing plant, linked to the recombinase gene. While these elements 
may be arranged in any order that achieves the interactions described below, in one 
embodiment they are advantageously arranged as follows: a DNA sequence contains the 
plant-active promoter, a first specific excision sequence, the blocking sequence, a second 
specific excision sequence, the seed-oil suppression gene and an inducible plant-active 
promoter operably linked to the site-specific recombinase gene that recognizes the 
specific excision sequences that are linked to each end of the blocking sequence. 
[00089] When a plant contains the basic elements of the embodiment, the seed-oil 
suppression gene is not active. It is separated from its promoter by the blocking 
sequence. In the absence of the activating external stimulus, the inducible plant-active 
promoter is not active and the site-specific recombinase is not produced. Upon 
application of the activating external stimulus, the site-specific recombinase gene is 
transcribed, resulting in the production of the site-specific recombinase protein 
throughout the tissues of the transgenic plant. The site-specific recombinase recognizes 
the introduced specific excision sequences in the genome of the transgenic plant and 
physically removes the blocking DNA sequence situated between them. The removal of 
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the blocking DNA sequence results in the operable linkage of the introduced plant-active 
promoter to the seed-oil suppression gene. The expression of the seed-oil suppression 
gene is activated when the plant-active promoter becomes active. 
[00090] The majority of the genetic elements that constitute this embodiment have 
been described in the earlier embodiments. The recombinase/excision sequence system 
can be any one that selectively removes DNA in a plant genome. Excision sequences 
preferably are unique in the plant, so that unintended cleavage of the plant genome does 
not occur. Several examples of such systems are discussed in Sauer, 1990 and in 
Sadowski, 1993, the disclosures of which are hereby incorporated by reference. The 
bacteriophage CRE/LOX system, wherein the CRE protein performs site-specific 
recombination of DNA at LOX sites, is preferred. Other systems include, but are not 
limited to, the resolvases (Hall et a/., 1993), FLP (Pan et a/., 1993), SSV1 encoded 
integrase (Muskhekishvili et a/., 1993), and the maize Ac/Ds transposon system (Shen 
and Hohn, 1992). Any method known to those skilled in the art is contemplated for use 
with this invention. See also the methods described by Oliver et ai in U.S. Patents Nos. 
5,723,765, 5,925,808 and 5,977,441. 

[00091] In preferred methods and plants of this fourth embodiment, the plant-active 
promoter ultimately used to drive the expression of the seed-oil suppression gene is a 
seed-specific promoter, most preferably the cotton alpha-globulin promoter (AGP) 
described by Sunilkumar ef a/., 1997, the disclosures of which are hereby incorporated by 
reference. The seed-oil suppression gene preferably contains a linear arrangement of 
partial sense and antisense sequences representing genes that are both early in the 
seed-oil biosynthesis pathway, such as the CA and ACCase genes, and late in the seed- 
oil biosynthesis pathway, such as the LPAT and DGAT genes, as described above for the 
second embodiment of this invention, to create RNA interference. The inducible plant- 
active promoter used to drive the expression of the site-specific recombinase gene 
preferably is either the ecdysone (Martinez et ai, 1 999) or estrogen (Zuo et aL, 2000) 
receptor-based inducible plant expression system activated by non-steroidal ecdysteroid 
agonists or estradiol, respectively, or derivatives thereof, as described above for the third 
embodiment of this invention. The preferred recombinase/excision sequence system is 
the bacteriophage CRE/LOX system, wherein the CRE protein performs site-specific 
recombination of DNA at LOX sites as described in Sauer, U.S. Patent No. 4,959,317. 
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[00092] The preferred elements of this gene expression control system are 
advantageously arranged in the order described above and introduced into the genome of 
a cotton plant by methods well known to those versed in the art. The suppression of 
seed-oil biosynthesis is facilitated in the resulting transgenic plant only following the 
application of the chemical specific for the activation of the promoter system, for example 
a ecdysone- or estrogen-receptor-based promoter system. This results in transgenic 
plants that can produce seed with normal seed-oil content until the suppression of seed- 
oil content is required or preferred for commercial purposes and the promoter system is 
activated. 

[00093] Once the seed-oil suppression gene becomes active as the result of the 
physical removal of the blocking sequence, the synthesis or storage of seed-oil in the 
transgenic cotton plant is suppressed for the life of the plant or seed irrespective of 
whether or not the activating chemical continues to be present. This generates stable 
pools of sucrose in the resultant plant that are available to increase, in a sustained 
fashion, the production of commercially valuable cellulosic, starch or protein 
macromolecules such as cotton fibers, industrial starch, or pharmaceutical proteins. The 
seed-oil content preferably is reduced to a level of 1 % to 1 7% of the fuzzy whole seed 
weight. Permanent activation of the seed-oil suppression gene in the transgenic plant 
allows for the commercial use of the plant or seed without continued application of the 
activating chemical. This attribute of the embodiment is particularly advantageous for 
agricultural and horticultural practices. 

[00094] The present invention involves, in a fifth embodiment, transgenic parental 
plants that are hybridized to produce a progeny plant expressing a seed-oil suppression 
gene not expressed in either parent. Methods of the fifth embodiment do not employ a 
repressor gene or an inducible or repressive promoter. Instead, a recombinase 
transgene is linked to a second plant-active promoter and introduced into a separate, 
second plant. The first plant, which contains a plant-active promoter and an SOS gene, 
blocked as described above with a blocking sequence bounded by specific excision 
sequences, is hybridized with the second plant containing the recombinase gene, 
producing progeny that contain all of the sequences necessary for expression of the SOS 
gene. When the second plant-active promoter becomes active, the recombinase removes 
the blocking sequence in the progeny, allowing expression of the seed-oil suppression 
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gene in the progeny when it was not expressed in either parent. 

[00095] The fifth embodiment of the present invention is a modification of the fourth 
embodiment in which the control of the seed-oil suppression gene is effected by the 
hybridization of two transgenic parent plants, neither of which express the seed-oil 
suppression gene. In this embodiment, a transgenic parent plant that contains the 
following genetic operably linked elements: a first plant-active promoter, a blocking 
sequence flanked on either side by specific excision sequences, and a seed-oil 
suppression gene, is crossed to a separate, second parent transgenic plant that contains 
the following operably linked elements: a second plant-active promoter and a site-specific 
recombinase gene. 

[00096] The progeny from this hybridization contain all of the genetic elements 
necessary for expression of the SOS gene, contained in both of the parental plants 
combined. In the progeny, upon activation of the second plant-active promoter, the site- 
specific recombinase gene is transcribed and the recombinase protein is produced. This 
causes the excision of the blocking sequence and the activation of the seed-oil 
suppression gene under the control of the first plant active promoter. The progeny of the 
hybridization cross thus express the seed-oil suppression phenotype (a trait not 
expressed in either parent). 

[00097] Preferably, the first plant-active promoter (that is used ultimately to drive the 
expression of the seed-oil suppression gene and is contained in the first transgenic 
parental plant) is a seed-specific promoter, most preferably the cotton alpha-globulin 
promoter (AGP) described by Sunilkumar ef a/., 1997. The seed-oil suppression gene 
preferably is composed of an RNAi sequence for genes that are both early in the seed-oil 
biosynthesis pathway, such as the CA and ACCase genes, and late in the seed-oil 
biosynthesis pathway, such as the LPAT and DGAT genes, as described above for the 
second embodiment of this invention. The specific excision sequences flanking the 
blocking sequence physically separating the first plant-active promoter and the seed-oil 
suppression gene preferably are those of the CRE/LOX system described by Sauer, U.S. 
Patent No. 4,959,317. 

[00098] Preferably, the second plant-active promoter (that is used to drive the 
expression of the site-specific recombinase gene and contained in the second transgenic 
parental plant) is a germination-specific promoter or other tissue-specific promoter that is 
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not expressed in the developing embryo. The preferred recombinase gene is the 
bacteriophage CRE gene described in Sauer, U.S. Patent No. 4,959,317. The preferred 
elements of this embodiment advantageously are arranged in the order described above 
and introduced into the genome of a cotton plant by methods well known to those versed 
in the art. The suppression of seed-oil biosynthesis in a transgenic cotton plant is 
facilitated only in the progeny resulting from the hybridization of the two transgenic 
parental lines as described. This allows for the propagation of the transgenic parental 
plants with normal seed-oil content, to produce transgenic hybrid seed of normal seed-oil 
content that will generate progeny plants that exhibit the suppressed seed-oil content 
phenotype. Once the seed-oil suppression gene becomes active in the progeny as a 
result of the physical removal of the blocking sequence, the synthesis or storage of seed- 
oil in the transgenic cotton plant will be suppressed for the life of the plant or its progeny. 
This generates stable pools of sucrose in the resultant cottonseed that are available to 
increase, in a sustained fashion, the production of commercially valuable cellulosic, starch 
or protein macromolecules such as cotton fibers, industrial starch, or pharmaceutical 
proteins. Preferably, the seed-oil content is reduced to a level of 1% to 17% of the fuzzy 
whole seed weight. The ability to sell seed of normal seed-oil content that will produce 
progeny expressing the seed-oil suppression phenotype is particularly advantageous for 
agricultural and horticultural purposes. 

[00099] The sixth embodiment of the present invention is a modification of the fifth 
embodiment. In this embodiment, the expression of an SOS transgene in the transgenic 
plant is controlled by expression of a second gene introduced into the plant by direct 
transfection with exogenous DNA. Therefore, in accordance with this sixth embodiment, 
the sequences encoding the site-specific recombinase are introduced separately into a 
transgenic plant that contains the blocked seed-oil suppression gene, via direct 
transfection using a viral vector or any other method known in the art. 
[000100] In the sixth embodiment, transgenic plants are generated that contain the 
following genetic operably linked elements: a plant-active promoter, a blocking sequence 
flanked on either side by specific excision sequences and a seed-oil suppression gene. 
The seed-oil suppression gene in this transgenic plant is inactive as a result of the 
physical separation of the gene from its plant active promoter. The site-specific 
recombinase gene required to effect excision of the blocking sequence, thus generating 
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an active seed-oil suppression gene (under control of the plant-active promoter), is 
introduced into the transgenic plant containing the blocked seed-oil suppression gene 
construct by transfection with a viral vector containing the site- specific recombinase gene 
or by any convenient method known in the art. The site-specific recombinase gene 
preferably is delivered as part of an infectious RNA viral vector for direct translation into 
an active protein (see Lawrence and Novak, (2001), the disclosures of which are hereby 
incorporated by reference), in an infectious cDNA viral vector for transcription and 
translation into an active recombinase protein (Baulcombe et a/., 2001) or by any 
convenient known method. 

[000101] In this embodiment, transgenic plants containing the blocked seed-oil 
suppression gene rapidly generate high levels of the recombinase protein throughout the 
plant following infection with the engineered viral vector containing the site-specific 
recombinase. Expression of the site-specific recombinase results in excision of the 
blocking sequence and the activation of the seed-oil suppression gene under the control 
of the first plant active promoter. The infected plants therefore express the seed-oil 
suppression phenotype (a trait not expressed in the uninfected parent). Once the seed-oil 
suppression gene becomes active in the infected plants as the result of the physical 
removal of the blocking sequence, the synthesis or storage of seed-oil in the transgenic 
plant is suppressed for the life of the plant or its progeny. This generates stable pools of 
sucrose in the resultant seed that are available to increase, in a sustained fashion, the 
production of commercially valuable cellulosic, starch or protein macromolecules such as 
cellulose fibers, industrial starch, or pharmaceutical proteins. Preferably, the seed-oil 
content is reduced to a level of 1 % to 17% of the fuzzy whole seed weight. The ability to 
sell seed of normal seed-oil content that will produce plants that cannot express the seed- 
oil suppression phenotype until treated with the engineered viral vector is particularly 
advantageous for agricultural and horticultural purposes. 

[000102] In the fourth, fifth and sixth embodiments, the seed-oil suppressing gene is 
expressed when the plant-active promoter operably linked to it becomes active, and will 
continue to be expressed so long as the plant-active promoter is active, without 
continuous external stimulation. These systems are particularly useful for developing 
seed where a particular trait is only desired during the first generation of plants grown 
from that seed, or a trait is desired only in subsequent generations. 
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[000103] In a seventh embodiment, the invention relates to a method of breeding 
plants to optimize the effects of a yield enhancement transgene such as an SOS gene. In 
this method, a donor parent containing the transgenic yield enhancing gene and also 
contains a unique phenotype or set of phenotypes (such as dwarfing, large bolls and 
precocious flowering, for example) that contribute multiple phenotypic traits is crossed 
with elite recurrent parents that previously had been selected for yield, fiber quality and/or 
agronomic performance. Progeny of this cross can be selected for an optimal 
combination of traits which allow the enhanced yield transgene to produce the best 
results. The donor parent may be used for limited backcrossing with elite recurrent 
parents, which transfers the yield-enhancing transgenetic trait along with a subset of the 
multiple phenotypic traits from the donor parent into the elite recurrent parent germplasm. 
Subsequent selection of optimal combinations allow maximum performance of the yield 
enhancing trait. Limited backcrossing is performed to ensure that the derived lines 
contain the genetic compliment of the elite recurrent parent, the yield-enhancing 
transgene and at least some of the potentially beneficial enhancing phenotypic traits 
contributed by the donor parent. These can be selected to identify the most beneficial 
combination of traits for each transgenic plant line. 
[000104] The invention is further illustrated by the following examples. 



EXAMPLES 



Example 1. Seed-oil Content is Highly Correlated to Fiber Yield. 

[000105] Twenty-one different cotton varieties over a period of twelve years were 
compared by the USDA-ARS to determine the relationship between various seed 
parameters and lint yield (Rayburn et a/., 1 989 through 2001 ). The strong influence of 
environment on cottonseed oil content requires multi-site data sets and standardized 
protocols to identify significant relationships. Only varieties that were present in 7 or more 
region-years were included in the comparison. Only the non-Acala picker cotton regions 
were included: Eastern, Delta and Central. The high fiber quality check variety, Acala 
Maxxa (bred in California) was excluded from the comparison due its poor adaptability in 
these three regions (17% lower average lint yield than the next lowest yielding variety). 
Each region-year mean observation was derived from 3 to 5, four-replication trial sites. 
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General Linear Model Least Square Means (SAS, 2002) were determined from a 
minimum of 21 sites and 84 observations to reduce environmental influence on seed 
parameters. The mean variety parameters then were regressed against each other to 
derive the following table of correlation coefficients and the following regression 
equations. 
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Table 1.1. Simple Correlation Coefficients and Regression Equations between 
Measured Parameter Means for 21 Cotton Varieties (r). 





Seed 
Index 


Nitrogen 
Percent 


Oil 
Percent 


Lint 
Percent 




(g/1 .00 seed) 




(fuzzy seed) 




Lint Yield 
(lbs/acre 


-0.5751** 


- 0.2997 


-0.7671** 


0.8155** 


Lint Percent 


- 0.4206 


0.1044 


-0.7401** 




Oil Percent 


0.5577** 


0.2919 






Nitrogen 
Percent 


0.4382* 









Equation 1.1: Lint Yield (lbs/acre) = 2619 - 81.87 x Seed-oil % (R 2 = 0.5884). 

Equation 1 .2: Lint Yield = 668 + 46.94 x Unt % - 428 x Seed N % ( R 2 = 0.8149). 

Equation 1 .3: Unt Yield = 2664 - 69.14 x Seed-oil % - 29.96 x Seed Index (R 2 = 0.6199). 

Correlations are designated significant at P=0.05 (*) or significant at P=0.01 (**)• (Rayburn, 1989-2001). 

[000106] Lint yield was most related to lint percent, r = 0.8155. See Figure 2. Lint 
percent has been well recognized as a useful parameter for selection when pursuing 
higher lint yield. Oil percent was highly negatively correlated with lint yield, r = - 0.7671 
(see Figure 1 ), despite positive plant breeding selection for both lint yield and oil percent 
(Cherry et a/., 1986). Lint percent and oil percent are also highly negatively correlated. 
See Figure 3. Lint percent is less subject to environmental control because it is calculated 
from two parameters which are each influenced by environment in a similar manner: fiber 
mass and fiber + seed mass. Oil percent is highly impacted by environment, therefore it 
is difficult to determine whether the impact of lint percent on yield is direct or derives 
indirectly from the impact of oil percent on fiber mass. 

[000107] When all parameters were included (see Equation 1 .2), stepwise multiple 
regression identified lint percent and N (Nitrogen) percent as significant contributors to lint 
yield. When lint percent was excluded, oil percent was most significantly related to lint 
yield, followed by seed index. In Equation 1 .1 , the regression of oil percent to lint yield, 
each percent reduction in seed-oil percent increased lint yield by 82 lbs per acre; an 8.2 % 
increase in yield at the mean yield of 999 lbs per acre for these 21 varieties. Using 
Equation 1 . 1 , the mean lint yield of 999 lbs per acre and the mean lint percent of 39%, 
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every pound per acre reduction in seed-oil results in an increase in lint of 5.3 pounds per 
acre. This increase ratio is consistent with the greater energy cost to produce a pound of 
oil versus a pound of cellulose in the seed. 

[000108] Considering that these varieties were selected for high lint yield and high lint 
% } and not for low oil percent, by 15 different breeders, the significant relationship 
between oil percent and lint yield provides a strong example of the lint yield enhancement 
that can be achieved from genetic manipulation that deliberately lowers seed-oil content 
below that which is available within elite germplasm currently. 

Example 2. DP 555 BG/RR and DP 493 Reduced Seed-oil 
Varieties with Enhanced Yield. 

[000109] Cotton varieties bred by Delta and Pine Land Company, DP 555 BG/RR and 
DP 493, exhibit significant yield improvement and novel growth pattern compared with 
other varieties available in the market. DP 555 BG/RR and DP 493 were compared with 8 
elite varieties with similar maturities. Lint yields of these elite cultivars ranged from 77 to 
102 percent of DP 555 BG/RR. Between 29 and 143 trial sites (N) were included in each 
comparison. DP 555 BG/RR and DP 493 sustain new node and fruiting site production 
longer during the boll loading period than other varieties. For this reason, early season 
growth regulators often are required to avoid excess plant height, a plant morphological 
trait consistent with increased sucrose supply. Using the AOCS Aa 4-38 cotton seed-oil 
analytical procedures (AOCS, 2001) oil content was determined for this set of 10 varieties, 
grown in three replicated trial sites. Samples were first acid delinted to remove the fuzz 
fibers (linters). 

[000110] DP 555 BG/RR and DP 493 exhibit both significant yield enhancement and 
low oil content. The relationship between lint yield and oil percent derived in Example 1 , 
Equation 1.1, was used to calculate an expected yield based on the oil percent. 
Observed and expected lint yields were compared using Chi-square analysis and not 
found to be significantly different. The variety with the largest deviation between observed 
and expected was DP 541 5RR. The non-transgenic version of this variety, DP 5415, also 
had the largest deviation between observed and expected in the USDA data set from 
1989 through 2001 (which did not include DP 555 BG/RR, see Figure 1, data point with 
lowest oil content). 
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Table 2.1 . Measured parameters from 10 elite varieties and 
predicted lint yield using equation 1.1 above. 



Variety 


Obs. Lint 
Yield 


Sites 


Oil Percent 


Seed Index 


Expected 
Yield 




(% of 
DP555) 


(N) 


(delinted 
seed) 


(g/100 
seeds) 


(from 
equation 1.1) 


DP 493 


102 


48 


15.1 


7.9 


105 


DP 555 BR 


100 


na 


16.0 


9.0 


100 


DP 491 


91 


110 


17.9 


9.4 


88 


NuCOTN 33B 


87 


117 


19.1 


10.0 


81 


DP 565 


87 


118 


16.9 


9.6 


94 


FM 966 


87 


29 


18.4 


12.4 


85 


FM 989 BR 


85 


80 


18.2 


12.6 


86 


DP 5415 R 


83 


143 


17.5 


8.90 


91 


ST 4793 R 


81 


136 


18.5 


12.0 


84 


FM 989 R 


77 


122 


17.2 


11.4 


93 



When both commercial varieties and experimental lines were included in the analysis of 
the relationship between fiber yield and seed parameters, statistically significant 
relationships were developed between fiber yield (as a percent of a common conventional 
check, DP 565) and seed-oil percent. Figure 4 displays this relationship for the above 
elite varieties and 9 experimental lines. Even though seed-oil percent was not used as a 
selection criteria, several of these modern high yielding lines and cultivars from diverse 
germplasm sources demonstrated low seed-oil percentages. 
[000111] The low seed-oil content of DP 555 BG/RR and DP 493 reduces the 
metabolic cost to mature bolls, thus providing greater carbohydrate resources for new 
node and fruiting site production, sustained boll retention and fiber maturation. Although 
DP 555 BG/RR and DP 493 were not selected for low seed-oil content, its growth habit 
and lint yield is consistent with the equations derived from the evaluation of 21 diverse 
varieties evaluated over a 12-year period in Example 1. 
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Example 3. Inheritance of Low Seed-Oil in Cotton. 

[000112] Multiple transgenic lines with the same recurrent parent as DP 555 BG/RR 
were analyzed for seed-oil content using the AOCS Aa 4-38 analytical procedures 
(AOCS, 2001 ). The following results were obtained. 

Table 3.1 Measured seed-oil percent from delinted seed of 9 lines that were derived from 
the recurrent parent of DP 555 BG/RR. 



DP 555 BG/RR line 


Oil Percent 
(delinted seed) 


Line 1 


17.8 


Line 2 


18.2 


Line 3 


17.5 


Line 4 


16.8 


Line 5 


! 17.6 


Line 6 


16.5 


Line 8 


16.2 


Line 9 


19.0 


Line 1 0 


17.8 



[0001 13] Thirty-three percent (3 out of 9) of the lines express a low seed-oil 
phenotype (lines 4, 6 and 8). This is consistent with the hypothesis that the inheritance of 
the DP 555 BG/RR reduced seed-oil phenotype is a recessive allele single gene trait, 
however further genetic inheritance studies will be required to fully test this hypothesis. 
Out of a segregating population derived from a heterozygous plant for a recessive allele, 
we expect 25% of the lines to express the recessive phenotype (homozygous recessive) 
and 75% of the lines not to express the recessive phenotype (25% homozygous for the 
dominant allele and 50% heterozygous for the locus). Since recessive alleles often result 
from a change in the DNA sequence of either regulatory elements or enzyme coding 
regions, the existence of a recessive allele that confers the reduced seed-oil phenotype is 
consistent with the objective of this invention - to identify and create heritable alleles and 
transgenes that impair the normal biosynthesis and storage of seed-oil, thereby increasing 
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the sucrose supply for sustained vegetative growth, boll retention and fiber maturation. 



Example 4. Inducible Gene with Single Application of the Activation Activating Agent. 

[0001 14] A site-specific recombinase driven gene rearrangement combined with a 
chemically inducible or repressible promoter system permits activation of the yield 
enhancing gene without the need for continuous application of the exogenous activating 
agent. Chemical activation or derepression of a site specific recombinase gene causes a 
blocking sequence to be physically removed. This allows the desired target gene to be 
controlled by a suitable developmentally controlled promoter. Once the chemical 
activation or derepression of the site-specific recombinase is achieved, the continued 
presence of the external chemical agent is not required to maintain derepression. See 
Oliver and Velton (2001 ). 

[000115] The known genetic system for controlling gene expression described in 
Oliver et al. (U.S. Patents 5,723,765; 5,925,808 and 5,977,441) and Oliver and Velten 
(2001 ), the disclosures of which are hereby incorporated by reference, are suitable for use 
in transgenic plants of this invention. These methods therefore can be used conveniently 
to express the yield enhancing trait (a transgene such as a seed-oil suppression 
transgene) and with the invention. A single exposure to an external stimulus (for example 
the antibiotic tetracycline) results in the derepression of a CRE recombinase gene. The 
CRE recombinase is expressed and directs removal of a blocking sequence flanked by 
appropriate excision sequences to generate a permanent genetic rearrangement. In this 
new DNA rearrangement, a germination disruption gene, for example a ribosomal 
inhibitory protein or the endonuclease Barnase (both of which disrupt protein synthesis), is 
under the control of a suitable promoter such as the Late Embryogenesis Abundant (LEA) 
promoter. Because the new genetic arrangement is permanent, the gene becomes 
activated and stays activated, even without the continuing presence of tetracycline, the 
initial activating external agent in this example. 

[000116] Genetic constructs are developed using the methods described in U.S. 
Patent No. 5,723,765. The genetic constructs included a modified 35SCaMV promoter 
containing three tandemly arranged synthetic tet operon sequences, positioned as 
described by Gatz et al. (1988), the disclosures of which are hereby incorporated by 
reference, operably linked to a CRE recombinase coding sequence. This gene construct 
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is referred to as 35SopCRE. In addition, a cotton LEA4 promoter fragment (a genomic 
fragment 5' to the transcriptional start site of the LEA gene of cotton linked 3' to a blocking 
sequence, containing a tet repressor gene in reverse orientation driven by a 35S CaMV 
promoter and completely flanked by artificially constructed mutant LOX sites) is linked 5' 
to a plant ribosomal inhibitory protein (RIP) coding sequence. A gene construct as 
described above but having the RIP sequence replaced with a Barnase coding sequence 
isolated by PCR from the genome of Bacillus amyloliquefaciens also is produced. Each 
gene construct is introduced individually into a virulent strain of Agrobacterium 
tumefaciens by direct transformation. The constructs then are introduced, via 
Agrobacterium infection, into the plant, for example tobacco {Nicotiana tobacum). The 
presence of the individual genetic components within the genomes of the primary 
transformants may be confirmed by standard PCR analysis. 

[0001 17] The efficacy of the tet repression of the 35Sop promoter and the efficiency 
of derepression by exposure to tetracycline are verified by germination of R1-F1 seed on 
solid media containing various concentrations of tetracycline ranging from zero (for 
analysis of repression) to 100ug/ml. Analysis of CRE recombinase activity under these 
conditions is based on the presence or absence of the blocking sequence contained 
within the flanking LOX sites (the target sequences for the CRE recombinase). In this 
scheme, the blocking sequence contains the tet repressor gene, which can be assayed by 
northern analysis. Northern analyses of seedlings derived from seeds treated with 
varying levels of tetracycline indicate that at between 50 and 100 pg/mL tetracycline, 
excision of the tet repressor blocking sequence occurred in the majority of the cells of the 
seedlings in this system. RNA samples derived from individual whole seedlings do not 
exhibit any detectable accumulation of tet repressor transcript. These data indicate that 
the tet repressor/tet promoter system and CRE/LOX recombination is functional and 
highly effective, demonstrating the effectiveness of this particular method. 
[000118] In preferred embodiments, the recombinase gene is under the control of a 
promoter that is directly and tightly regulated by the application of an external stimulus. In 
addition, a seed specific promoter that is chosen to impact lipid biosynthesis during 
normal seed maturation more directly replaces the LEA promoter. For seed-oil 
suppression, the germination disruption component is replaced with a seed-oil 
suppression gene-coding region. Thus, in a preferred embodiment, an external stimulus 
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would be applied to the transgenic plant (e.g. cotton) seed to induce the expression of the 
recombinase which removes a blocking sequence to generate a seed-oil suppression 
gene that is active only during development of next generation seeds. 
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